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Abstract—Design a small modular reactor that is easily
transportable for use in disaster relief as well as remote
military outposts. A rail shippable reactor gives quick and

easy transportation from one part of a country to
another. The reactor must have a three MWe production
capacity to ensure the reactor has the performance to
power larger government facilities, such as hospitals and
water treatment plants. The reactor must have enough
fuel for a six-month minimum fuel cycle. Atmospheric
cooling only provides the ability to reject heat to the
atmosphere, minimizing the weight requirements.
Uranium fuel will have a maximum of 19.75%
enrichment, to minimize proliferation concerns with the
reactor.
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I. Introduction
Natural disasters pose a significant threat to the
power grid, especially in third world countries. After a
natural disaster, it may take months or years to regain their
ability to generate power and distribute it to essential
government facilities. Without the ability for a country to
generate energy to power these facilities, the country cannot
rebuild, provide necessities, or maintain order within its
people. A need for a long term interim power supply is
needed.
A common solution to this problem is large diesel
generators or portable gas turbines to produce power. While
this solution is adequate, these generators require
maintenance and large supply chains for their fuel. After a
natural disaster, these supply chains and operator
requirements may not be a viable option. A small, modular
deployable reactor solves the supply chain problem.
II. Customer Requirements
The customer for this project is the Defense Threat
Reduction Agency. The point of contact for this project is
Major Huff, USA. The reactor must be rail shippable at a
minimum, and deployment via strategic airlift command is
desirable. The reactor must produce a total of 3 MWe of
power, at least a six-month fuel cycle, may not use more
than 19.9% enriched fuel, must be only atmospherically
cooled, and reasonably priced.

III. Codes and Standards
The codes and standards for nuclear power,
materials and workers are governed by the Nuclear
Regulatory Committee (NRC). 10 CFR are the governing
codes from the NRC, especially in regards to licensing,
inspections, investigations and radiation worker allowable
doses and allowable public doses [1].
IV. Global, Economic, Environmental, and Social Impacts
The global impacts of a small deployable reactor
are fairly small. The reactor would be used on a per-case
basis. Depending on the use of the reactor, it could make a
world of difference for the particular area affected by a
natural disaster but may have a small impact on the rest of
the world. The economic impact is dependent upon the cost
of running generators to generate power and to maintain the
supply lines to keep the generators running. The
environmental impact of the reactor is minimal. The largest
environmental concerns from the reactor are radiation leaks
to the environment and handling the spent fuel. The
potential for radiation leaks to the environment will be
minimized by maintaining safe thermal limits within the
core. Handling of the spent fuel will be maintained
according to NRC standards. The social impacts of the
reactor are high. The reactor is being designed to help a
community get back on its feet after a natural disaster.
Because of this, the reactor has a large impact on the society
it is generating power for.
V. Design Concepts, Evaluation, and Selection
The design concept stems from the modification
and improvement of well-developed reactor technology to
meet the needs and constraints of the customers. Thus, the
four prominent technologies considered were Pressurized
Water Reactors (PWR), Boiling Water Reactors (BWR),
Liquid Metal Fast Reactors (LMFR), and High-Temperature
Gas Reactors (HTGR). Several key characteristics were
analyzed for the various technologies as a starting point for
the design process.
A. Reactor Selection
Reactor selection ultimately boiled down to the
application of the given constraints, customer requirements,

and engineering characteristics to the technologies in
question. Based purely on metrics, there was a tie between
the LMFR and the HTGR. However, the 19.9% or lower
Uranium-235 constraint initially given limits the scope of
the design to the thermal spectrum. This is due to the higher
enrichment fast reactors require and thus a greater
proliferation concern. While the first constraint effectively
eliminates the LMFR from the viable options, other factors
pointed towards an HTGR as the suitable candidate. Many
of the factors revolved around safety. Namely, a low
operating pressure and gas coolant is a much safer option
than any kind of highly pressurized steam system.
Additionally, although the power density is
extremely low compared to the other reactors, the low value
paired with additional design parameters prevents HTGR
cores from ever reaching meltdown temperatures. The
customer’s demand of 3 MWe power generation also allows
for a low power density to be considered without sizing
becoming too much of an issue. Lastly, the atmospheric
cooling and geographic constraints make a gas coolant
beneficial due to its transportability and availability.
B. Reactivity Control
When determining the most appropriate reactivity
control mechanism, three different technologies were
compared. The technologies looked at for our design were
control rods, control drums, and chemical injection into the
core.
The main advantages to using control rods would
be the ability to absorb neutrons in the center of the core
which affects reactivity most greatly. It would also give the
ability to control axial flux shaping. Control Rods are a
passive system which increases safety, meaning that in the
event of electrical power loss, the rods, suspended above the
core would drop into the core, aided by gravity. There is
also plenty of available research on this technology because
it is widely used in commercial and military reactor plants.
The biggest disadvantage of control rods is that it requires
the core to only use half of its height for fuel.
The concept of rotating control drums gives us the
ability to control reactivity by having one side poison and
one side reflector. This is helpful because it minimally
affects core dimensions. An engineered mechanical spring
system could be put in place to make this a passive system
as well. This technology has also been used in reactors, so
there is available data to use. The disadvantage of using
control drums is that only the neutrons at the edge of the
core, which effect reactivity minimally are effected.
Reactivity control by chemical injection is not
practical in a gas-cooled reactor.

C. Fuel Configuration
For the core, three different fuel configurations
were considered: plate, hexagonal block, and pebbles. In
determining which fuel configuration would best fit our
needs we discussed which fuel could be most easily
moderated and which could allow for the easiest refueling if
need be. Using these two requirements, we determined that
the best fuel configuration would be pebbles. Pebbles offer
versatility in moderation and also for easy transport when it
comes to refueling. The other two fuel configurations would
present significant logistical issues if refueling were
necessary. In addition to the conceptual advantage of
pebbles in comparison to the other two fuel configurations.
Further computational analysis will be done using MCNP to
determine the critical mass and initial core sizing.
D. Coolant Types
While looking at different coolants for the reactor
design, the only coolants considered are gas. The primary
reason for this is because our primary reactor concept is an
HTGR with pebble bed type fuel. The evaluation process
considered four different gas coolants: CO2, H2, N2, and He.
The characteristics of cost, thermal conductivity, specific
heat capacity, and chemical reactivity were compared with
these coolants.H2 was eliminated due to its high chemical
reactivity. When looking at the thermal properties of the
gases CO2 and H2 were the highest in specific heat capacity
and thermal conductivity respectively. CO2 was by far the
cheapest of all the gasses costing only .08 USD per pound.
E. Shielding
Shielding poses a unique challenge in a portable
reactor. Shields for gamma attenuation need to be high Z
material and dense. Shielding for neutrons needs to be able
to thermalize and absorb neutrons. Shields must also be able
to shield from secondary radiations produced by interactions
with the shield material [2]. Industry standard shielding is
not a viable option in a transportable design. The shielding
used by the transportable small modular reactor needs to be
light or easily accessible on site where it is deployed.
Because of this constraint, a non-industry standard shield
will be used.
A mix of dirt, water, poisons, and concrete canvas
was selected for the shielding of the reactor. While not an
ideal shield, these materials are easy to transport and create
a non-permanent shield on site. Concrete canvas is a 3D
mesh canvas filled with concrete mix. When water is
applied to the canvas, the concrete sets, creating a hardened
concrete structure. IBC totes are made of High-Density
Polyethylene and are designed to be filled with water.
Filling the IBC totes with borated water provides an

adequate neutron shield. Gamma shielding for the reactor is
more complicated. Because gamma requires a high Z
material for shielding, the reactor vessel will have to be
designed in such a way to minimize gamma leakage out of
the core. Dirt and water will be used to further attenuate the
gamma flux outside the core. Designs using a radiation
exclusion zone are being considered to further mitigate
radiation safety concerns.

To determine core size, MCNP was used in
conjunction with first order approximation. From here the
modeled was enhanced to include the CO2 coolant, graphite
moderator, stainless steel containment and a heavy water
reflector. The MCNP input for the final core configuration
can be seen in figure 2.

Fig 2. MCNP Code for bare homogeneous core
Fig. 1. Cross section of current shielding design.

F. Concept Selection
Based on the discussions above a final design was
chosen. The final design concept is a pebble bed HTGR. A
combination of control drums and control and moderating
pebbles is the selection for the control system
VI. Design Testing
A. Shielding
Based on current shielding design considerations
and MCNP results, the shielding for the reactor consists of 7
1.3 mm thick layers of concrete canvas and two stackable
330-gallon IBC totes filled with water. While this design is
not an ideal design for shielding, it is easily transportable by
boat, rail, ground, or air. These materials are also likely to
be found on site where the reactor may be deployed. The
reactor is designed to be buried in the ground to reduce the
effects of the neutron and photon flux out the side of the
reactor. This allows the reactor shielding design to focus
specifically on the atmospherically reflected sky shine
radiation, rather than use more materials to shield direct
radiation. This limits the amount of material needed. The
current shielding MCNP design gives 2.98E-14 mrem per
second per neutron using the H*(10, E) neutron conversion
values. Further work in the testing of shielding for photons
needs to be completed to accurately portray the shielding
characteristics. Dirt filled HESCO barriers will prevent
access to the reactor during its operations and will help to
enforce safety and security at the reactor site.
B. Core Sizing and Criticality

The Script was run multiple times to get a Keffective
close to 1.03 to insure that the core would maintain
criticality when the poison was put into the system. The
final configuration of the core which has a Keffective of 1.014.
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